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This work focused on selection of the Citrus aurantium explant and hormonal 
combination that gives cells with high production level of secondary metabolites in liquid 
medium. 
The highest percentage of callus formation (100%) was observed for cotyledonary with 
3mg / l 2,4-D and 2 mg / l kinetin and with ovules with 0.2 mg/l 2,4-D and 2 mg/l 
kinetin. 
Analyses of essential oil composition by gas chromatography revealed that neither callus 
from cotyledonary nor from ovules explants product volatiles components. 
Analysis of callus fatty acid revealed that those produced by calluses issued from ovules 
cultures are those that are closest to those formed in the bitter orange fruit 
Transfer of calluses derived from ovules and cotyledonaries explants gives two types of 
suspension depending on the hormonal combination. Calluses transferred on Liquid MS 
medium supplemented with 0.2 mg/l 2,4-D with 2 mg/l kinetin gives a dispersed 
suspension. Howether, calluses transferred onto MS liquid medium supplemented 4 mg/l 
BA and 0.2 mg/ NAA gives suspension with compact cluster callus. 
The growth rate of callus aggregate was lower than the dispersed cell cultures and their 
biomass were higher than the dispersed cell cultures.  
Transfer of calluses in liquid medium show that cytokinins at high concentrations are 
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The sour orange is native to southeastern Asia. Natives of the South Sea Islands, especially 
Fiji, Samoa, and Guam, believe the tree to have been brought to their shores in prehistoric 
times. Arabs are thought to have carried it to Arabia in the 9th Century. It was reported to 
be growing in Sicily in 1002 A.D., and it was cultivated around Seville, Spain, at the end 
of the 12th Century. For 500 years, it was the only orange in Europe and it was the first 
orange to reach the New World. It was naturalized in Mexico by 1568 and in Brazil by 
1587, and not long after it was running wild in the Cape Verde Islands, Bermuda, Jamaica, 
Puerto Rico and Barbados. Sir Walter Raleigh took sour orange seeds to England; they 
were planted in Surrey and the trees began bearing regular crops in 1595, but were killed 
by cold in 1739. 
Spaniards introduced the sour orange into St. Augustine, Florida. It was quickly adopted 
by the early settlers and local Indians and, by 1763, sour oranges were being exported from 
St. Augustine to England. Sour orange trees can still be found in Everglades hammocks on 
the sites of former Indian dwellings. The first sweet orange budwood was grafted onto sour 
orange trees in pioneer dooryards and, from that time on, the sour orange became more 
widely grown as a rootstock in all citrus-producing areas of the world than for its fruit or 
other features. Today, the sour orange is found growing wild even in southern Georgia and 
from Mexico to Argentina. 
It is grown in orchards or groves only in the Orient and the various other parts of the world 
where its special products are of commercial importance, including southern Europe and 
offshore islands, North Africa, the Middle East, Madras, India, West Tropical Africa, 
Haiti, the Dominican Republic, Brazil and Paraguay. 
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I- DESCRIPTION OF CITRUS AURANTIUM : 
Citrus aurantium var. [or subspecies] amara belongs to the order Geraniales and the 
family Rutaceae.  
The tree ranges in height from less than 10 ft (3 m) to 30 ft (9 m), it is more erect and has a 
more compact crown than the sweet orange, has smooth, brown bark, green twigs, angular 





















Citrus aurantium tree  
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The evergreen leaves (technically single leaflets of compound leaves), are aromatic, 
alternate, on broad-winged petioles much longer than those of the sweet orange; usually 
ovate with a short point at the apex; 2 1/2 to 5 1/2 in (6.5-13.75 cm) long, 1 1/2 to 4 in 
(3.75-10 cm) wide; minutely toothed; dark-green above, pale beneath, and dotted with tiny 
oil glands. 
2- FLOWERS: 
The highly fragrant flowers, borne singly or in small 
clusters in the leaf axils, are about 1 1/2 in (3.75 cm) 
wide, with 5 white, slender, straplike, recurved, 
widely-separated petals surrounding a tuft of up to 
24 yellow stamens. From 5 to 12% of the flowers are 
male. 
3- FRUIT: 
The fruit is round, oblate or oblong-oval, 2 3/4 to 3 1/8 
in (7-8 cm) wide, rough-surfaced, with a fairly thick, 
aromatic, bitter peel becoming bright reddish-orange on 
maturity and having minute, sunken oil glands. There 
are 10 to 12 segments with bitter walls containing 
strongly acid pulp and from a few to numerous seeds. 
The center becomes hollow when the fruit is full-
grown. 
4- VARIETIES: 
There are various well-established forms of the sour orange. In the period 1818-1822, 23 
11 
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varieties were described and illustrated in Europe. A prominent subspecies is the Bergamot 
orange, C. aurantium, var. bergamia Wight & Arn., grown in the Mediterranean area since 
the 16th Century but commercially only in Italy. Trees grown in California and Florida 
under this name are actually the 'Bouquet' variety of sour orange (see below). The flowers 
of the Bergamot are small, sweetly fragrant; the fruits round or pear-shaped, with strongly 
aromatic peel and acid pulp. 
The myrtle-leaved orange (C. aurantium, var. myrtifolia), is a compact shrub or tree with 
small leaves and no thorns. It was found as a bud mutation on trunks of old sour orange 
trees in Florida. It is propagated and grown only on the French and Italian Riviera for its 
small fruits which are preserved in brine and exported for candying. 
Apart from these special types, there are several groups of sour oranges, within which there 
are placed certain cultivars: 
4-1  Normal group (large, seedy fruits) 
'African', 'Brazilian', 'Rubidoux', 'Standard', 'Oklawaha' and 'Trabut'. 'Oklawaha' originated 
in the United States. It has large fruits rich in pectin and is prized for marmalade. 
4-2 Aberrant group 
'Daidai', or 'Taitai', popular in Japan and China. Its fruits are large with very thick peel, very 
acid pulp, and many seeds. The tree is somewhat dwarf and almost thornless; immune to 
citrus canker in the Philippines. It is prized for its flower buds which are dried and mixed 
with tea for their scent. 
'Goleta' has medium-large fruits with juicy, medium-sour pulp and very few seeds. The tree 
is of medium size and almost thornless. 
12 
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'Bouquet' has small, deep-orange fruits, acid, with few seeds. The tree is less than 10 ft (3 
in) high and is grown as an ornamental. 
4-3 Bittersweet group includes any sweet-acid forms of the sour orange introduced by 
Spaniards and formerly found growing in the Indian River region of Florida. These oranges 
are often seen in a naturalized state in the West Indies. The peel is orange-red, the pulp is 
darker in hue than that of the normal sour orange. 
'Paraguay' was introduced from Paraguay in 1911. The fruit is of medium size, with sweet 
pulp, moderately seedy. The tree is large, thorny and hardy. 
Among other forms of sour orange, there is in India a type called 'Karna', 'Khatta' or 'Id 
Nimbu', identified as C. aurantium var. khatta (or C. karna Raf.) but suspected of being a 
hybrid of sour orange and lemon. The fruits are typical sour oranges but the flowers are red-
tinted like those of the lemon. 
Two cultivars are grown as rootstocks for the sweet orange in China: 
'Vermilion Globe' has oblate fruits containing 30 to 40 seeds. The tree has long, narrow, 
pointed leaves. 
'Leather-head' has small, oblate, rough fruits with 20 seeds. The tree has elliptic, blunt 
leaves. 
Cultivars grown especially for the production of Neroli oil in France and elsewhere, have 
flowers in large, more concentrated clusters than the ordinary types of sour orange. One of 
these, 'Riche Défouille', has unusual, wingless leaves. 
5- CLIMATE: 
The sour orange flourishes in subtropical, near-tropical climates, yet it can stand several 
degrees of frost for short periods. Generally it has considerable tolerance of adverse 
13 
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Unlike its sweet relative, the sour orange does well on low, rich soils with a high water 
table and is adapted to a wide range of soil conditions. 
 
7- PROPAGATION: 
Sour orange trees volunteer readily from self-sown seeds. As generally grown for 
rootstock for sweet oranges, they are raised in nurseries for 1 or 2 years and then budded. 
Growth of the seedlings, especially in diameter, has been expedited by weekly 
applications of gibberellic acid to the stems, making it possible to bud them much earlier. 
 
8- PESTS AND DISEASES: 
The sour orange is subject to most of the pests that attack the sweet orange. In addition to its 
susceptibility to the disease called “Tristeza”, the tree is liable to other viruses -crinkly leaf, 
gummy bark, psorosis, and xyloporosis. The Division of Plant Industry of the Florida State 
Department of Agriculture has recorded the following fungal problems as sometimes seen: 
leaf spot (Alternaria citri, Cercospora penzigii, Mycophaerella horii, Cladosporium 
oxysporum, and Phyllosticta hesperidearum); greasy spot (Cercospora citri-grisea); tar spot 
(C. gigantea); leprosis (Cladosporium herbarum); mushroom root rot (Clitocybe 
tabescens); anthracnose (Colletotrichum gloeosporioides); thread blight (Corticium 
koleroga and C. stevensii); gummosis and dieback (Diaporthe citri); foot rot and root rot 
(Fusarium oxysporum, Macrophomia phaseolina, Phytophthora spp.); heart rot and wood 
rot (Fomes applanatus, Ganoderma sessilis, Xylaria polymorpha), and others.
14 
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9- FOODS USES: 
The normal types of sour orange are usually too sour to be enjoyed out-of-hand. In 
Mexico, however, sour oranges are cut in half, salted, coated with a paste of hot chili 
peppers, and eaten. 
The greatest use of sour oranges as food is in the form of marmalade and for this purpose 
they have no equal. The fruits are largely exported to England and Scotland for making 
marmalade. Sour oranges are used primarily for marmalade in South Africa. 
The juice is valued for adjective and as a flavoring on fish and, in Spain, on meat during 
cooking. In Yucatan, it is employed like vinegar. In Egypt and elsewhere, it has been 
fermented to make wine. 
"Bitter orange oil", expressed from the peel, is in demand for flavoring candy, ice cream, 
baked goods, gelatins and puddings, chewing gum, soft drinks, liqueurs and 
pharmaceutical products, especially if the water-or alcohol-insoluble terpenes and 
sesquiterpenes are removed. The oil is produced in Sicily, Spain, West Africa, the West 
Indies, Brazil, Mexico and Taiwan. 
The essential oil derived from the dried peel of immature fruit, particularly from the 
selected types -'Jacmel' in Jamaica and the much more aromatic 'Curacao orange' 
(var. curassaviensis)-gives a distinctive flavor to certain liqueurs. 
"Neroli oil", or "Neroli Bigarade Oil", distilled from the flowers of the sour orange, has 
limited use in flavoring candy, soft-drinks and liqueurs, ice cream, baked goods and 
chewing gum. 
'Petitgrain oil', without terpenes, is used to enhance the fruit flavors (peach, apricot, 
gooseberry, black currant, etc.) in food products, candy, ginger ale, and various 
condiments. 
'Orange leaf absolute' enters into soft-drinks, ice cream, baked goods and candy. 
15 
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The ripe peel of the sour orange contains 2.4 to 2.8%, and the green peel up to 14%, 
neohesperidin dihydrochalcone which is 20 times sweeter than saccharin and 200 times 
sweeter than cyclamate. Potential use as a sweetener may be hampered by the limited 
supply of peel. 
10- OTHERS USE: 
Soap substitute: Throughout the Pacific Island, the crushed fruit and the leaves macerated, 
Both of which make lather in water, are used as soap shampoo for washing clothes and the 
hair. Safford (Morton.J.1987) described the common scene in Guam of women standing in 
a river with wooden trays with clothing rub with sour orange pulp, then scrub it with a 
corncob. He wrote: "Often the entire surface of the river where the current sluggish is 
covered with decaying oranges." On the islands of Zanzibar and Pemba, the fruits are used 
for scouring floors and brass. 
Perfumery: All shares of the sour orange are more aromatic than those of the sweet orange. 
The flowers are indispensable to the industry and perfumes are famous not only for the 
purpose distilled Neroli oil but even for "orange flower absolute" obtained by solvent 
extraction or fat. During favorable weather in southern France, 2,200 lbs (1,000 kg) of 
flowers will yield 36 to 53 oz (1,000 to 1,500 g) of oil. 
Neroli oil consists of 35% terpenes (mainly dipentene, pinene and camphene), 30% 1-
linalool, and geraniol and nerol 4%, 2% d-terpineol, 6% d-nerolidol, traces of aldehyde 
decyclic, 7% 1-linalyl acetate, 4% and geranyl acetates neryl, traces of esters of 
phenylacetic acid and benzoic acid, as Much as 0.1% methyl anthranilate, and traces of 
jasmone, farnesol, and palmitic acid. Orange Flower Water is usually a by-product of oil 
production. 
Petitgrain oil is distilled from the leaves, twigs and immature fruits, Especially from the 
Bergamot orange. Both Petitgrain oil and the peel of the ripe are of great importance in 
scents for perfumes and formulating cosmetics. petitgrain essential oil is in fancy eau de 
cologne. The seed oil is employed in soaps.  
Honey: The flowers yield nectar for honeybees.  
Wood: The wood is handsome, whitish to pale-yellow, very hard, fine-grained, Much like 
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Medicinal Uses: Sour orange juice is antiseptic, anti-bilious and hemostatic. Africans apply 
the cut-open ulcers and yaws are orange and Areas of the body afflicted with rheumatism. 
In Italy, Mexico and Latin America Generally, decoction of the leaves are given for their 
soporific, antispasmodic, stimulant, stomachic and tonic action. The flowers, prepared as 
syrup, act as a sedative in nervous disorders and induce sleep. An infusion of the bitter 
bark taken as a tonic is stimulant, febrifuge and vermifuge. 
The fresh young leaves contain as much as 300 mg of ascorbic acid per 100 g. The mature 
leaf contains 1-stachyhydrine. 
 
11- CULTURE AND PRODUCTION: 
The Largest Bigarade-tree plantations are found in the South of France, in Calabria and in 
Sicily. The center of the industry of neroli oil is the South of France, where the bitter 
orange is extensively cultivated only for that purpose. The tree requires a dry soil. It bears 
flowers three years after grafting, increasing every year until it reaches maximum 
production level when it is about twenty years old. The quantity depends on the age and 
situation, a full-grown tree yielding on average 50 years to 27.215 kg. of blossoms. One 
hundred orange trees, at the age of ten years, will occupy nearly a year per 0.404 hectare of 
land, and will produce during the season about 997.903 kg. of orange flowers. The 
flowering season falls in May and the flowers are gathered two or three times a week, after 
sunrise. When the Autumn is mild and atmospheric conditions are favor, flowering takes 
place in October, and this supplementary harvest lasts until January, a frosty morning or till 
the flowering stops. Autumn flowers have much less perfume than those of the spring and 
the custom value to them is at only one-half the price of May flowers. The bitter orange 
and edible orange trees bear a great resemblance to each other, their goal leaf-stalks show a 
marked-difference, that 'of the Bitter Orange Being broadened out in the shape of a heart. 
The yield of oil is greatly influenced by the temperature and atmospheric conditions at the 
time of prevailing gathering. In warm weather it may amount to as much as 1,400 grams 
per 100 kg of flowers, under adverse conditions, such as damp, cool and changeable 
weather, considerable reduction in it is experienced. Generally the largest yields are 
obtained at the end of the flowering season. 
17 
 
Dorsaf  Kriaa 
Secondary Metabolites Production from Liquid Tissue Culture of Citrus aurantium 






The secondary metabolites play a role in the plant if not essential, however, important. In 
the last decade, there has been an increased awareness that many secondary metabolites 
play fundamental roles as defences against predators and competitors, infochemicals and 
allelogens. The synthesis and accumulation of secondary metabolites in plants can be 
induced by biotic and abiotic stress. The biotic stress is the attack from herbivores and 
pathogens in the plant that release chemicals that stimulate the production of secondary 
metabolites, while the abiotic stress is due to the surrounding environment such as the 
proximity of other plants, temperature, pH, evaporation, fungicides, antibiotics, heavy 
metals. These factors are considered elicitors, and they are stimulators for the production 




An example of defense against fungi has been observed in Citrus plants. Two constitutive 
secondary metabolites of the bitter orange Citrus aurantium, the flavanone naringin, and 
the polymethoxyflavone tangeretin, showed antifungal activity against Penicillium 
digitatum, acting as first and second defense barriers, respectively, since tangeretin is 
Fig. 1 Interaction plant – 
environment, mediated by 
secondary metabolites 
(Jongsma, 2010 ) 
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mainly localized in the outermost tissue of the fruit, the flavedo, while naringin is located 
in the albedo which is immediately below the flavedo.  
In addition, some flavonoids are oviposition stimulants of a Citrus-feeding swallowtail 
butterfly, Papilio xuthus L.. Narirutin (naringenin-7-O-β-rutinoside), hesperidin 
(hesperetin-7-O-β- rutinoside) and rutin isolated from the leaves of Citrus unshiu were 
found to play a role in the ovipositional behaviour of P. xuthus. Each of these compounds 
is inert on its own and, even when the glycosides are mixed together in similar 
concentrations to those occurring in Citrus leaves, they only evoke a weak response from 
P. xuthus. When the glycosides are mixed with two other water-soluble (organic bases) 
constituents from C. unshiu leaves, the ovipositional behaviour of P. xuthus is comparable 
to that induced by intact leaves, thus demonstrating a synergistic action. 
Terpenoids are the largest group of plant secondary metabolites, and are suggested to act in 
a diverse array of plant physiological processes, including plant defence (Gershenzon & 
Dudareva, 2007; Langenheim, 1994). Several triterpenoids such as betulinic acid possess 
potent antimicrobial activity (Cowan, 1999). A unique class of triterpenoids, termed 
limonoids, is present in Citrus species. 
Limonoids are distributed throughout the Citrus plant, including the leaves, branches and 
fruit (McIntosh & Mansell, 1983), suggesting a possible defence function of these 
secondary metabolites in plants (McIntosh, 2000). Concurrent with this hypothesis, the 
antifeedant activity of Citrus limonoids has been reported in several studies (Champagne et 
al., 1992; Ruberto et al., 2002). It has been suggested that increasing oxidation and skeletal 
rearrangement are associated with increased activity against insects. However, structurally 
simple limonoids present in the family Meliaceae are more potent insect repellents than 
complex Citrus limonoids (Champagne et al., 1992). Furthermore, limonoids isolated from 
the neem tree (Azadirachta indica, family Meliaceae) also demonstrate antibacterial 
activity (Atawodi & Atawodi, 2009).  
 
These functions can be classified as mediators in the interaction of the plant with its 
environment, such as plant–insect, plant–microorganism and plant–plant interactions 
(Verpoorte and Memelink 2002). In fact, unlike the primary metabolites, such as 
chlorophyll, amino acids, nucleotides, carbohydrates, the secondary metabolites do not 
take part in fundamental processes such as metabolism.  
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The secondary metabolites diverge from these for their distribution in the plant kingdom. 
While primary metabolites appear in all species of the plant kingdom, the secondary are 
only present in some plants families. For example, the glycosidic cardiokinetic are typical 
of the genus Digitalis. 
Secondary metabolites can be classified on the basis of chemical structure (for example, 
having rings, containing a sugar), composition (containing nitrogen or not), their solubility 
in various solvents, or the pathway by which they are synthesized (e.g., phenylpropanoid, 
which produces tannins). A simple classification includes three main groups: the terpenes 
(made from mevalonic acid, composed almost entirely of carbon and hydrogen), phenolics 
(made from simple sugars, containing benzene rings, hydrogen, and oxygen), and nitrogen-
containing compounds (extremely diverse, may also contain sulfur).  
The study of plant secondary compounds can be considered to have started in 1806 when 
Friedrich Wilhelm Sertürner isolated morphine, “principium somniferum”, from opium 
poppy. This first demonstration that the active principle of a plant drug can be isolated and 
attributed to a single chemical compound initiated natural product chemistry. In rapid 
sequence the isolation of one active principle after another followed. The speed at which 
this field developed, greatly influenced and directed major areas of organic chemistry, 
particularly synthetic, analytical and pharmaceutical chemistry. It also advanced the first 
foundations of pharmaceutical industry and drug research. The first synthesis of a 
secondary product, indigo, by von Baeyer in 1886, provided a milestone in synthetic 
organic chemistry. The chemical structure of morphine was elucidated in 1923, whereas 
the first total synthesis of its complex structure was not completed until 1950, almost 150 
years after its isolation. These few introductory remarks should just recall and emphasize 
the “prehistory” of plant secondary metabolism which started and stayed for a long time 
Natural Product Chemistry with all its facets. For about 150 years after the isolation of 
morphine, the plant was almost exclusively used as a profitable and inexhaustible source 
for novel natural products. The first experiments addressing biosynthetic mechanism did 
not begin until the early 1950s, when the first radioactively-labeled precursors became 
available.  
In the 1950s, secondary metabolites were regarded as metabolic waste or detoxification 
products (Peach, 1950 and Reznik, 1960). This view changed in the 1970s with the 
increasing biochemical knowledge of secondary metabolism. Secondary metabolites were 
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no longer considered as inert end products but as dynamic components of plant metabolism 
(Barz and Köster, 1981). Typical attributes of plant secondary metabolism were: 
“expression of shunt and overflow metabolism”; “expression of plants’ luxurious 
metabolism”; “flotsam and jetsam on the metabolic beach”; “playground of biochemical 
evolution” (Zähner, 1979; Mothes, 1980; Haslam, 1986; Luckner, 1990). An ecological 
role was generally only accepted due to a coincidental quality of a secondary compound 
(e.g., toxicity and bitter taste). The only generally accepted feature of secondary 
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III-SITES OF SYNTHESIS AND ACCUMULATION OF 
METABOLITES 
Secretion is defined as the passage of substances produced from within the cell outside of 
its plasma membrane. These substances perform a specific function in the organism in 
which they are produced. The secretion is usually the result of metabolism of all cells, but 
it is particularly evident in the glandular cells. The plant cells have the ability to extrude 
the substances secreted out of the protoplasm or by the accumulation in vacuoles, and this 
depends on the type of substances. Secretion can occur with intracellular accumulation, 
such as when you have the storage of many substances in the cell wall (lignin, cutine), with 
intracellular secretion of substances secreted in compartments surrounded by membranes 
inside the plasma membrane or secretion extracellular, through the release of substances 
secreted outside the plasma membrane (Fahn ,1988). The cells can also be divided 
according to the type of compound secreted, those which produce hydrophilic substances 
and those that produce lipophilic substances.  
In the first group belong mucilaginous glands, digestive glands, idatodi, nectars etc. In the 
second group we have instead trichomes glandular, idioblasti, resin canals and lisigen 
pockets. The trichomes glandular protuberances are present in the epidermis of many 
plants species. The morphology of these structures is very different and are formed as a 
result of divisions anticlinals and periclinals. In regard to the structure they are composed 
of a basal cell, one or more cells that produce secreted and in many species there is a stem 
cell that connects the two cells. Of the various families Labiateae is rich in species that 
produce flavorings used for various purposes in the food industry and in the cosmetic 
industry (Doaige A.R.,1992). 
In this family study of glandular trichomes has been thoroughly done, for example in genus 
belong to the subfamily Nepetoidee where there are two types of trichomes: peltata and 
capitati. The peltata trichomes have a secretory head consisting of 4-14 cells, supported by 
a stem cell that connects to the basal cell. Tricomi capitati in the single cell spreads 
secreted into the subcuticolare space without store, as happens in trichomes peltata (Doaige 
A.R.,1992). Lavandula officinalis in the inner part of the corolla has a particular type of 
tricomi consists of a single secretory cell and numerous protuberances on the stem cells, 
while the outside of the corolla have trichomes with a completely different structure. In 
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Lavandula stricta and L. coronopifolia 13 different types have been described of glandular 
trichomes (Werker E. et al., 1985). In Salvia officinalis there are three types of glandular 
trichomes, two capitati cells with long and short stem and one or two secretory cells, and 
peltata with a secretory head of 12 cells. Also in Salvia sclarea and S. dominica wide 
variabilty in the form and mode of secretion of trichomes capitati both on vegetative 
organs (leaves and stems) and those in reproductive were observed (Werker E.,Ravid U., 
Putievsky E., 1985). Other types of structures are secretory channels present in Pinaceae, 
Compositae, Umbelliferae etc. In the conifers secretory channels produce a resin formed 
by mono- sesqui- and diterpeni and therefore known as resin canals. In these plants the 
resin canals are found throughout the body of the plant and are formed by elongated 
structures enveloped by epithelial cells surrounding an inner space. These cells are in turn 
surrounded by one or more layers of cells with thick cell walls and relatively rich in pectic 
substances. Channels resin best known are those of the genus Pinus which may occur in 
cross-sections of roots, stems and leaves (Werker E., Fahn A.,1969). Another type of 
internal secretory tissues are the cavities or pockets lisigene present in many households 
(Myrtaceae, Leguminosae etc). In some species the formation of meristemoide tissue 
characterized by cells with dense cytoplasm and a large nucleus is observed. The first two 
divisions of this structure form two layers bicellulari, one upper and one lower. The latter 
are formed by secretory cells which generate the epithelium surrounding the interior space. 
For Citrus genus the fragrance of leaves and fruits is due to essential oils released from the 
tissues. The primary site of synthesis, secretion, and collection of the essential oil is the oil 
glands which develop within the tissue (ESAU 1965; SCHNEIDER 1968; SCHNEPT 
1974). The glands are considered secretory in nature since the oil, which is apparently 
produced within the cells, is emitted into and collects in an extra-cellular cavity or chamber 
(ESEAU 1965). Secretory cavities occur in the stem, mesophyll of leaves, all parts of the 
flower except the stamens, and the fruits, where they are positioned in the exocarp or 
‘flavedo’ layer of the rind amongst compact subepidermal parenchyma tissue (Mauseth. 
1988) 
Secretory cavities and ducts consist of secretion-filled spaces lined by specialized 
glandular cells. It is generally believed that there are three ways in which these cavities and 
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ducts can form: 1) by lysigeny, a process involving the autolysis of a mass of mature 
secretion-filled glandular cells that release the secretion product as they degenerate; 2) by 
schizogeny, involving the separation of cell walls in the center of a group of glandular cells 
creating an intercellular space that enlarges greatly during development; 3) by 
schizolysigeny, a combination of the two processes, where cavities initiate schizogenously 
but further increase in size with autolysis of the glandular cells. 
Secretory cavities of Citrus deliciosa (BOSABALIDIS and TSEKOS, 1982) seem to originate 
from a pair of meristematic cells (an epidermal cell and a second one placed under it). 
These cells undergo successive divisions resulting in the formation of a globular/oval gland 
situated in the parenchyma, and a conical stalk, which joins the gland with the epidermis. 
The young gland consists of a central group of polyhedral cells ensheathed by layers of 
radially flattened cells.  
During the early differentiation stages of the gland cells a close association of cytoplasmic 
microtubules with various organelles is observed. Plastids increase progressively in 
number and size and their matrix locally contains tubular networks accompanied by small 
oil droplets. In peripheral cytoplasm numerous myelin-like lomasomes have been 
observed. Peripheral cells of the gland are gradually modified from the inner cells 
following a different developmental pattern. Their walls become thicker and plastids do 
not contain tubular complexes, but only a few thylakoids partly surrounding the newly 
formed starch grains. 
Limonoids are highly oxygenated triterpenes present in Rutaceae and other limited plants 
such as Meliaceae. Significant progress has been made in understanding where, when and  
how limonoids and limonoid glucosides are biosynthesized and accumulated. The Citrus 
limonoids occur as limonoid aglycones and limonoid glucosides. So far, 36 limonoid 
aglycones and 17 limonoid glucosides have been isolated from Citrus and its closely 
related genera 12. These aglycones are classified into four taxonomic groups: the Citrus 
group (19 limonoids), the Fortunella group (12 limonoids), the Papedocitrus group (one 
limonoid) and the Poncirus group (four limonoids). The biosynthetic pathways of each of 
these groups have been elucidated based on radioactive tracer work. Nomilin is most likely 
the initial precursor of all the known limonoids in citrus. Nomilin has been shown to be 
biosynthesized from acetate, mevalonate and/or farnesyl pyrophosphate in the phloem 
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region of stems. This precursor then migrates to other tissues such as leaves, fruit tissues 
and seeds, where other limonoids are biosynthesized from this compound independently. 
Limonoid aglycones are converted to non-bitter 17ß-D glucopyraonoside derivatives such 
as limonin 17ß-D-glucopyranoside (LG) during maturation. This natural debittering 
process is catalyzed by the enzyme UDPD- glucose: limonoid glucosyltransferase 
(limonoid glucosyltransferase) (figure 2). A single enzyme appears to be responsible for 
the glucosidation of all the limonoid aglycones to their respective glucosides. Limonoid 
glucosides are major secondary metabolites and accumulate in the fruit tissues and seeds in 
significant quantities. Limonoid glucosyltransferase (GTase) has been identified and 
chosen for possible genetic manipulation to create transgenic citrus fruit trees that havefruit 
free from limonin bitterness. 
 
Most secondary metabolites, including flavonoid pigments and their glycosides, 
accumulate when tissues and organs have finished growth (Kamsteeg et al., 1980; 
Kleinehollenhorst et al., 1982). In contrast, juvenile, rapidly growing grapefruit and 
pummelo (Citrus grandis) accumulate large amounts of the extremely bitter flavanone 
glycosides naringin and neohesperidin (Horowitz, 1986). These flavonoids can reach up to 
75% of the dry weight of young approximately 1-cm fruit. 
The accumulation and distribution of the major flavanoneglycoside products have been 
investigated during different stages of growth of grapefruit and sour orange without 
parallel studies of the enzymes involved. Flavanone-glycosides were found in almost a11 
plant parts, but rapidly accumulated in young, developing Citrus leaves (Jourdan et al., 
1985; Berhow and Vandercook, 1989, 1991; Castillo et al., 1992). 
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Fig. 2 Metabolite linkage map representing primary and secondary plant metabolism in opium poppy. The circles associated with each 
metabolite indicate whether the metabolite was detected (green), not detected (red) or masked (yellow). Data could not be obtained for 
metabolites shown in grey because information regarding their standard 1H NMR spectra was not available (Zulak et al 2008). 
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IV-EXTRACTION OF METABOLITES 
A very important part of the study of metabolites is the technique of extraction. Metabolite 
may accumulate in different concentrations in different parts of the plant and in some cases 
there may be other compounds in the same plant. Very important is also (in addition to the 
state of health of the plant), the type of solvent used. The ideal solvent for polar 
compounds is water, which is used in many cases in combination with other solvents less 
polar, for example alcohols. The lipids and other apolar molecules are predominantly 
soluble in non polar solvents, among which the most used are chloroform, petroleum ether 
and short chain hydrocarbons (pentane, hexane etc.). Whatever the type of compound the 
solvent must extract molecules quickly from the tissues. In order to make extraction easier 
the molecules are used to shatter the tissues so that the solvent frees the substances that 
accumulate in the cells. In some cases, these operations make contact with the secondary 
metabolites with lithic or oxidative enzymes that attack molecules by altering the structure. 
Indeed in many cases, the extractions are carried out cold, because the low temperatures 
inhibit the activity of lithic enzymes, it is sometimes necessary to use liquid nitrogen which 
crystallizes the tissue making them fragile, but at the same time more easily extractable. 
Once extracted the molecules are separated from all other cellular components with the 
same degree of polarity using techniques based on preparative chromatography of various 
kinds. The main task of the chromatography is to separate the molecules and this is done 
by exploiting the different nature of the compounds contained in the mixtures extraction. 
The separation occurs because the molecules interact with the solvent, but also with the 
surface of the particles forming the stationary phase. Of the many chromatographic 
techniques the most used ones are in the liquid phase, but for certain molecules are equally 
effective techniques such as using mobile phase of gas. In liquid chromatography (on 
column, TLC, HPLC), the mixture of compounds is deposited on the stationary phase and 
an appropriate mixture of solvents will make the move into the mobile phase mixture and 
separate the molecules. In chromatography with the mobile gas phase there is always a 
stationary phase with which the molecules interact driven by a gas. Both these techniques 
have the capability to separate individual compounds from complex mixtures, however, do 
not provide data on the molecular nature of the substance separated. Therefore, these two 
techniques are associated with mass spectrometry, a tool connected to the column of a 
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liquid or gas chromatograph capable of fragmenting the separated substances generating 
positive ions. These ions are subjected to acceleration and travel specific paths, so you can 
calculate the ratio charge / mass. A detector intercepts these trajectories to provide a 
fingerprint of the molecule and the molecular fragments can be traced back to the chemical 
structure of the molecule. 
Other methods of extraction are:  
 
1- DISTILLATION:  
Is a technique which consists of subjecting a liquid to boil and collect in a container other 
volatile liquids made by heating. By steam distillation are extracted, from complex 
mixtures of organic volatile, the essences. May be aware of water vapor, and in this case 
the drug is crossed by water vapor in order to extract the volatile components such as 
essential oils. This type of distillation can also be preceded by maceration. In this case the 
drug is made by macerating a solvent appropriate (which may be the alcohol) and then 
distilled. 
 
2- ENFLEURAGE:  
Process of adsorption of volatile essences of flowers and drugs in fixed solid fats. The fat 
containing the essence is then treated with appropriate solvents to extract the pure essence. 
It is a technique used by the perfume industry. In this technique the fresh flowers are 
placed for about 24 hours on a glass plate coated with a thin layer of oil or grease, after 
which the flowers are removed and replaced with fresh. The fat must be odorless, does not 
rancid or deteriorate over time. With the enfleurage are obtained compounds of fragrant 
substances called "pommade", typical of the south of France. This technique is used for 
those drugs that are unable to provide sufficient quantities of essential oil when distilled or 
flowers that do not tolerate prolonged exposure to heat. 
 
3- DIGESTION:  
is a type of maceration conducted at a temperature ranging from 40 to 60 °C. It Is done in a 
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4- PERCOLATION:  
extraction conducted at room temperature, where the solvent flowing slowly over drug dry 
properly prepared. These are tools of steel or glass in the shape of a vertical cylinder with a 
tap in the lower and in the upper there is a lid with a hole for passing the solvent. Above 
the taps, a pore is used to support the drug and acts, also, as a filter. Usually, a 
hydroalcoholic solvent is used for extracting the active ingredients. 
 
5- SOUR ORANGE EXTRACTIONS METHODS AND PRODUCTS 
The method for extraction most followed is by distillation, which yields the higher 
percentage of oil from the flowers than maceration or absorption in fats and volatile 
solvents. The flowers are distilled immediately after gathering, the essential oil rising to 
the surface of the distillate drawn, while the aqueous portion is sold as Orange Flower 
Water. Orange Flower Water is being used increasingly in France by biscuit-makers to 
give their crispness to products, and some of the French biscuit-makers adopted  
There is a marked difference in the scent of the oils obtained by the different processes. 
Neroli obtained by distillation has quit a different smell from the fresh orange flower, the 
oils obtained using solvents and oils obtained by maceration and by enfleurage are truest to 
the natural scent of the flower. From 100 kg of flowers by distillation 1,000 grams of oil 
are obtained, by volatile solvents 600 grams, by maceration 400 grams, by enfleurage only 
about 100 grams of oil.  
Orange Flower Oil, as obtained from pomatum, slightly modified with other extracts, can 
be employed to make 'Sweet Pea' and 'Magnolia' perfumes, the natural odor of Which 
Slightly resemble it. 
 
V-CLASSES OF METABOLITES 
The secondary metabolites can be divided into three main classes: 
 Terpenes 
 Phenolic compounds  
 Compounds containing nitrogen 
The terpenes are the largest class of secondary metabolites. They may be oil or may 
contain oxygen and alcohols, ketones and aldehydes. The terpenes which contain oxygen 
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are called terpenoids. These natural substances, structurally different, are grouped together 
for their common origin biosynthetic from acetil CoA and their insolubility in water. The 
terpenes are formed from the combination of elements to five carbon atoms called isoprene 
units and are classified according to the number of these units in emiterpenis (C5), 
monoterpenes (C10), sesquiterpenis (C15), diterpenis (C20), sesterterpenis (C25), 
triterpenes (C30) and tetraterpenis (C40) (Bruice, 2005). The isoprene is the basic 
constituent units of these compounds, is produced naturally but is not involved in their 
biosynthesis. Isoprene units that are involved in the biosynthesis are esters dimetilallil 
diphosphate diphosphate (DMAPP) and isopentenil diphosphate (IPP) that are joined to 
form the various terpenes (Dewick, 2001) 
 
 
CH3 −− CH ═ CH2          CH3 − C ═ CH − CH2 − OPP            CH2 ═ C − CH2 − CH2 − OPP  
║                                               │                                              │ 
CH2                                                                                  CH3                                                                               CH3 
Isoprene                                               DMAPP                                             IPP  
 
Many plants produce mixtures of volatile monoterpenes and sesquiterpenes, called 
essential oils, that impart a distinctive odour to the leaves that produce them and are used 
in fragrances and flavorings. A triterpenes, the Squalene, plays an important biological role 
as precursor of steroids. Carotenoids are tetraterpenes among these there is eg β-carotene, 
which is the compound that gives orange colour to carrots and apricots (Bruice, 2005). The 
terpenes, in particular essential oils, play an important role in plant defense as deterrents 
toxins against a large number of insects and mammals pests. In the plant, these compounds 
can be found within glandular trichomes who extend outside the skin and serve as a 
warning to the herbivore toxicity of the plant. The essential oils are extracted through 
steam distillation and from a commercial point of view are important to flavor foods and 
for the perfume industry. The volatile terpenes as well as being a direct defense of the plant 
helps it to attract others insects to defend themselves. The conifers accumulate 
monoterpenes in the resin canals of needles, twigs and the trunk, following the attack of 
pathogens, such as bark beetles, the plant increases the production and accumulation of 
monoterpenes that are toxic to these predators (Hartmann, 2007) . 
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Fig. 3 Chemistry structure of same monoterpenis 
 
The phenolic compounds are a heterogeneous class of chemical. These compounds are 
divided in different classes, from simple phenols such as benzoic and cinnamic acid, 
stilbenes and coumarin to those more complex like flavonoids and antocianine. Benzoic 
acids are the simplest molecules, consisting of a ring with a benzoic acid group in position 
1. Substituents of different nature have been found, but the most common are -OH and -
CH3 groups (Bruice, 2005). Cinnamic acid molecules are the basis for the construction of 
complex phenolic compounds. Flavonoids consist of three rings of which two are aromatic, 
and are found in all plants except for Algae. Phenols are important in fruit and vegetables, 
for they determine the color and flavor. In particular, phenolic acids are associated with the 
sour taste, to the astringent tannins, while the bitter taste is often associated with some 
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flavonoids such as naringenina and neohesperidine. The color, finally, is determined by the 
presence of anthocyanins and their reactions co-pigmentation.  
 
 
Umbelliferone        Benzoic acid 
 
Fig. 4 Chemistry structure of some phenolic compounds 
 
 
         
                Plant Physiol, June 2001, Vol. 126, pp. 485-493 Brenda Winkel-Shirley 
                Fig. 5 Pattern of flavonoids biosynthesis 
 
Many metabolites have one or more nitrogen atoms in their structure. Among these, the 
most important are alkaloids, cyanogenic glucosides, glucosinolate etc. Alkaloids are 
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heterocyclic compounds for the nitrogen with potent pharmacological action. The 
glucosinolates are compounds which also contain a sulphur atom. Very important are 
cyanogenic glucosides, present in many plants used as food for humans and animals. When 
tissues of these plants are destroyed, they release hydrogen cyanide, and this causes many 
cases of poisoning cyanide. Depending on their precursor, amino acids are classified as 
aliphatic, aromatic or cyclopentenoid. 
 
 
Fig. 6 Pattern of alcaloids biosynthesis 
 
Constituents of C. aurantium include flavone aglycones and glycosides flavonones, 
coumarins, psoralens, polymethoxyflavones, waxes, aldehydes, amines, and monoterpenes 
(USDA ARS, 1999, Boelens and Jimenez, 1989; Shushi et al., 1996). Many studies have 
reported results from the determination of bitter orange peel constituents, noting 
differences often in oil composition from unripe and ripe fruit (eg, Boelens and Jimenez, 
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1989). The cold-pressed oil from the cortex contains mainly monoterpenes (limonene 
chiefly [77.9%]), sesquiterpenes, aldehydes, alcohols, and one ketone (nootkatone) 
(Quintero et al., 2003). The psoralens found in citrus species and include bergapten 
epoxybergamottin (Dugo et al., 1996). 
 
Bitter orange peel (bitter also called orange, sour orange, Aurantii cortex, Aurantii Amari 
Cortex, Bitter orange, Seville orange) consists of the fresh or dried outer portion of the 
pericarp of the ripe fruit of Citrus aurantium var. Sour orange, Hook. f. In traditional 
Chinese medicine, zhi qiao is prepared from the dried peel of immature green fruit, and zhi 
shi is prepared from dried fruit. Bitter orange is distinguished from the sweet orange by its 
deeper orange-red color, rough rind, bitter peel, sour pulp, and more broadly winged leaf 
stalk. The main constituents of the orange peel oil are the volatile and amorphous, bitter 
glucoside called aurantiamarin. Other constituents include hesperidin (C44H28O14), a 
colorless, tasteless, crystalline glucoside occurring mainly in the white of the peel zest, 
isohesperidin (C44H26O24 • 5H2O), hesperic acid, aurantiamaric acid, and a bitter acrid resin 
(Am. Botanical Council, 2000, Br Pharm. Codex, 1911, Budavari 1996; Felter and Lloyd, 
1898). Flavanone neohesperidosides are accumulated (sometimes along with the 
rutinosides) in Citrus species related to the pummelo, such a grapefruit, sour orange and 
natsudaidai, and they give a bitter taste to citrus fruits 15, 27. Major flavanone 
neohesperidosides detected in these species are naringin. 
Chalcone synthase (CHS) is the first enzyme in the biosynthesis of all classes of flavonoids 
in plants (figure 1). It catalyzes the stepwise condensation of three acetate residues from 
malonyl CoA with p-coumaroyl CoA. The latter p-coumaroyl CoA is supplied from the 
phenylpropanoid pathway, which converts phenylalanine into a myriad of phenolic 
secondary metabolites in plants. Naringenin chalcone, the product of the CHS reaction, is 
then converted into a flavanone form by an intra-molecular reaction in which the C-ring is 
closed by the enzyme chalcone isomerase (CHI). These two forms of naringenin -- the 
chalcone form and the flavanone form -- appear to be the precursors for all the myriad 
compounds produced by plants with this related structure. By 3ß-hydroxylation, flavanone 
3ß-hydroxylase (F3H) catalyzes the conversion of (2S)-flavanones to (2R, 3R)- 
dihydroflavonols, which are intermediates in the biosynthesis of flavonols, anthocyanidins, 
catechins and proanthocyanidins. 
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Figure7: Biosynthesis of flavonoids in Citrus (partially modified from Moriguchi et al., 
2001). 
 
The essential oils from bitter orange peel have been examined by thin-layer 
chromatography (TLC) and by gas chromatography (GC), alone or with flame ionization 
detector accompanied (GC-FID) or mass spectrometry (GC-MS) (Quintero et al. 2003; 
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Salib et al. 1978; Tuzcu et al. 1985; Veriotti and Sacks, 2002). The composition of the 
oxygen heterocyclic fraction of bitter orange essential oil has-been obtained by high-
performance liquid chromatography (HPLC) (Dugo et al. 1996; Fisher and Trama, 1979). 
 
Methods for the quantification of synephrine in the peel of citrus fruit (mature and 
immature) and decoctions of Chinese crude drugs include GC, TLC, and HPLC (Takei et 
al., 1999, Hashimoto et al., 1992), alone or with various detectors (eg., HPLC with 
electrospray MS detection [He et al., 1997]). Additionally, its presence in crude drugs and 
dried fruit and fruitpeel was determined by ion-pair HPLC [sodium dodecyl sulfate as the 
ion-pair reagent] (Ohta et al. 1994; Zheng et al., 1983). Hesperidin and synephrine can be 
quantified in the dried rind of the ripe fruit of mandarin orange (C. reticulata Blanco; 
Chinese traditional herbal drug, Citri Pericarpium Reticulatae) using capillary 
electrophoresis with electrochemical detection (CE-ED). The detection limits were 
6.54x10-7 4.96x10-7  M, respectively (Chen et al., 2002). Using CE with a chiral selector, 
synephrine enantiomers can be separated (De Boer et al., 1999). Volatile compounds and 
methyl esters in bitter orange have been identified using GC; limonene was the main 
compound in the monoterpenes, and the mean concentration of fatty acids was 678 mg / L 
(Moufida and Marzouk, 2003). The content of the adrenergic amines dl-octopamine, dl-
synephrine, and tyramine in fruits, extracts, and herbal products of C. aurantium L. var. 
amara were determined using HPLC with UV detection, the direct separation of 
synephrine enantiomers was done with HPLC on a β-cyclodextrin stationary phase (Pellati 
et al., 2002; Kusu et al., 1996). 
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MATERIALS AND METHODS 
 
1- HYPOCOTYLARY, COTYLEDONARY AND ROOT EXPLANTS 
CULTURE FROM GERMINATED SEEDS OF C.AURANTIUM 
C.aurantium seeds, provided from sour orange planted in a field located in Mornag at 
Tunis in Tunisia, are taken from fruits harvested in January. The seeds undergo 
treatment with sodium hypochlorite at 6° of chlorine for 20 min followed by a triple 
rinse with deionized water. The seeds are divided into three lots. The first one wich did 
not undergo any treatment is placed directly in MS basic medium culture (Murashige 
and Skoog, 1962). (Table1).  



















 4H2O 22.3 
ZnSO4 
.
 7H2O 8.6 
Na2MoO4 
.
 2H20 0.25 
CuSO4 
.
 5H20 0.025 
CoCl2 
.




NICOTINIC ACID  0.5 
CLORIDATE PIRIDOSSIN  0.5 
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The second one is cultured without teguments and the third one undergoes coat 
scarification before being cultured on MS basal medium (Murashige and Skoog, 1962). 
The seeds used in this experiment are at total number of 90, with 30 seeds for each 
treatment. The germination percentage is determined for each lot after two weeks of 
cultivation. 
Seedlings from the germination are used for further experiments. Hypocotylary 
explants, cotyledons and roots are excised and cultured on MS culture medium 
(Murashige and Skoog, 1962) supplemented with 2,4-D at different concentrations (0 to 
10mg / l) in combination with kinetin at various concentrations (0 to 2 mg / l) (Table2). 
 
Table 2:  
  Concentrations of 2,4-D (mg/l) 




0 M1 M4 M7 M10 M13 
1 M2 M5 M8 M11 M14 
2 M3 M6 M9 M12 M15 
 
 
2- C.AURANTIUM MERISTEM CULTURE 
C.aurantium buds provided from a sour orange planted in the Faculty of Agronomy of 
Sassari, Italy. Explants of 2-3 nodes were washed with tap water containing a few drops 
of Teepol then left for 10 minutes under running water for 1 hour. The explants are then 
sterilized with a bleaching solution with 2.5% active chlorine for 30 minutes with stirring 
and under laminar flow hood. The explants were then rinsed three times with sterilized 
deionized water. Explants of 3-4mm are excised at the nodes (in the axils of the leaves) 
and at the buds end. The explants were subsequently placed on MS medium (Murashige 
and Skoog, 1962) containing 30 g / L sucrose and 8 g / L agar supplemented with 2mg / l 
kinetin, with different concentrations (4, 10 mg / l) of BA (0.2, 10mg / l) 2-4 D or 0.2 mg 
/ l NAA (Table3). Medium M15 with 10mg/l 2,4-D and 2mg/l kinetin was selected as it 
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gives high percentage of callogenesis with cotyledonary explants. The other medium was 
selected to evaluate more hormonal combinations.  
 
The pH is adjusted to 5.6 with 1 N NaOH before autoclaving. Each Petri dish containing 
20 ml of medium is inoculated with three or four explants. All cultures are maintained 
under fluorescent light (40 _mole m-2 s-1) with a photoperiod of 16h. All cultures were 
maintained at 25 ± 2°C.  
The percentage of callus was determined after 4 weeks of culture for each treatment, 
which includes 5 boxes inoculated with three or four explants. 
 
Table 3: 
Medium  2,4-D (mg/l) Kinetin (mg/l) 6-BA (mg/l) NAA (mg/l) 
G 0 0 10 0 
B 0 0 4 0.2 
M15 10 2 0 0 
F 0.2 2 0 0 
 
3- CULTURE OF LEAF EXPLANTS 
C.aurantium leaves are collected from sour orange trees in the Faculty of Agronomy of 
Sassari, Italy. The leaves are washed with tap water containing a few drops of Teepol, 
then rinsed with deionized water and sterilized with a bleaching solution at 0.5% active 
chlorine, followed by rinsing with deionized water and then treated with alcohol at 70° 
for 10min. Finally, the explants are rinsed three times with sterilized deionized water. The 
leaves are then fragmented and cultured on MS culture medium (Murashige and Skoog, 
1962) containing 30 g / L sucrose and 8 g / L agar supplemented with 2mg / l kinetin, 
with or without BA (4, 10mg / l) 2-4 D (0.2, 10mg / l)  or NAA 0.2 mg / l (Table3). The 
pH is adjusted to 5.6 with 1 N NaOH before autoclaving (20min at 120°C). In each Petri 
dish, containing 20 ml of medium, 6 explants are placed on. All cultures are maintained 




) with a photoperiod of 16h and at 25 ± 2°C.  
The percentage of callus was determined after 4 weeks of culture for each treatment. 
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4- C.AURANTIUM  OVULES CULTURE:  
C.aurantium immature fruit are collected from sour orange tree of the Faculty of 
Agronomy of Sassari, Italy. The fruits were washed with tap water containing a few drops 
of Teepol for 10 min and left under running water for 1 hour. The fruits are then surface-
sterilized with a bleaching solution at 2.5% active chlorine, for 30 min, with stirring and 
under a laminar flow hood. They are then washed three times with sterilized deionized 
water. The carpels are excised from the fruit and the ovules are excised with a scalpel 
under a dissecting microscope, under a laminar flow hood. The ovules are cultured on MS 
medium (Murashige and Skoog, 1962) containing 30 g / L sucrose and 8 g / L agar 
supplemented with 2mg / l kinetin, with or without BA (4, 10mg / l) 2-4 D (0.2, 10mg / l)  
or NAA 0.2 mg / l (Table3).The pH is adjusted to 5.6 with 1 N NaOH before autoclaving 
(20min at 120°C). In each Petri dish, containing 20 ml of medium, three or four ovules 




) with a 
photoperiod of 16h and at 25 ± 2°C.  
The percentage of callus was determined after 4 weeks. For each treatment 5 dishes are 
prepared. 
 
5- CALLUS PRODUCTION: 
On the base of previous experience, explants and hormonal combinations that gave the 
best percentages of callus are selected for further experiments. The explants selected are 
cotyledons and ovules cultured on MS medium supplemented with 0.2 or 2mg/l 2,4-D 
and 2mg/l kinetin. Subcultures are performed every 4 weeks.  
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6- TRANSFER TO LIQUID MS MEDIUM FOR CALLUS OBTAINED 
FROM SELECTED HORMONAL COMBINATIONS 
After a cycle of 8 subcultures, the calli containing the higher percentage of active 
principles, having higher growth percentage and more friable, are used as starter for cell 
suspensions. Callus fragments are transferred in 250 ml Erlenmeyer flask (1 g for each 
flask) containing 100 ml of MS liquid medium (Murashige and Skoog). Two liquid 
medium are used: M1 (0.2 mg 2,4-D and 2 mg KIN) and M2 (4 mg.l-1 6BA;0,2 mg.l-1 
NAA). The flasks are then placed on a shaker (125 rpm) at 22 c 1 "C, and continuous light 
(about 6 pern ~ s * i ').  
After 3 days, cultures are filtered by successive passages on double metal sieves of 200 and 
100 pm. Fractions of less than 100 prn and between 100 and 200 prn are then introduced in 
a known volume of MS medium. The cell density was assessed both by counting the 
number of cells and measuring the PCV (pucked cell volume) obtained by centrifugation at 
100 g for 5 min. The inoculum used to inoculate 40 ml of MS medium in 150 ml 
Erlenmeyer flask is diluted to obtain a final density of 3.2 x 10J cells per ml (= 1.7 pl 




7- MEASUREMENT OF FRESH AND DRY WEIGHT: 
The fresh weight is measured after vacuum filtration. Dry weights are measured after 
drying samples in an oven at 40°C for 24h. Viability was determined basing on callus color 
and the results of the fresh weight measurements. 
 
8- ESSENTIAL OIL AND AROMA EXTRACTION: 
Among several extraction techniques reported in literature, the methods above illustrated 
are used in this work: 
a) Distillation and liquid-liquid extraction: 
Sample is placed in a flask of 1 L. Another 2 L flask containing distilled water is used to 
generate steam. The volatiles components are trained with water steam, condensed in a 
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refrigerator than recuperated in an Erlenmeyer placed in ice. The hydro distillate obtained 
contains essential oil (Langlois, 1999) and is matter for liquid-liquid extraction. 
b) Liquid-liquid extraction: 
The method was described by Tonder et al. (1998). 30g of hydro distillate are weighed in 
an Erlenmeyer; 30ml of the solvent (ether-pentane 1/1 in volume) are added, then the 
mixture obtained is stirred for 15 min. After 10 min of decantation the Erlenmeyer is taken 
to the freezer (-30°C) for 45 min. After aqueous phase freezing, the organic phase 
containing the aroma is recuperated with the help of a Pasteur pipette. 
c) Condensation: 
The extract obtained (total aroma and essential oil) is placed in a flask equipped with a 
Vigreux column then heated at 36°C in a water bath till the condensation of the sample to 
its minimum volume (50 to 100µl).  
 
9- FATTY ACID EXTRACTION 
Analysis of fatty acid by gas chromatography requires their transformation into methyl 
esters. The method used is described by Carreau and Dubacq (1978), 50 µl of total lipid are 
evaporated then dissolved in 2ml hexane. Methylation is realized by the ad of 0.5 ml 
methyl sodium at 1%. A known quantity of methyl heptadecanoate (internal standard) is ad 
to quantify fatty acid. After stirring during one minute and settling of about 2 minutes, 0.2 
ml of H2SO4(1N) are used to neutralise, then, methyl esters are washed with 1.5 ml of 
distilled water. The upper phase is recuperated and evaporated at dry.  
Methyl esters obtained are analysed with HP chromatograph 6890series equipped with 
ionisation flame detector equipped with HP Innowax (polyethylene glycol) capillary 
column of 30m length, 0.25mm internal diameter and 0.25 µm film thicknesses.  
The analyses are done in the following conditions: 
- Gas vector: azoth U (column flow: 1.6ml/mn) 
- Division ratio 60:1 
- Injector temperature: 250°C 
- Detector temperature: 275°C 
- Oven temperature program: 
 Isotherm at 150°C during 1mn 
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 From 150°C to 200°C at 15°C/mn 
 From 200°C to 242°C at 2°C/mn 
 Isotherm at 242°C during 2mn 
Identification of fatty acid is realised referring at pure witnesses chromatograms. Peaks 
area and percentage of the different compounds are determined due to HP Chemstation 
(Rev. A. 0401) program which allow also to fix analytic parameter (flow, temperature, 
beginning anf and of an analysis...) (Saidani and Marzouk, 2003 b).  
   
 
10- GAS CHROMATOGRAPHY ANALYSE: 
The condensed extracts aroma is analysed by GC. The method used is the Carreau and 
Dubacq (1978) one: 50µl of essential oil is evaporated then dissolved in 2 ml hexane. The 
methylation is realized by the addition of 0.5 ml sodium methyl at 1%. After 1 min of 
stirring and 2min of decanting, it is neutralized with 0.2 ml of H2SO4 (1N) then the methyl 
esters is washed with 1.5 ml distilled water.  The upper phase is recuperated and dry 
evaporated. 
The methyl esters obtained are analysed with a 6890 series HP chromatograph equipped 
with flame ionisation detector and HP-Innowax (polyethylene glycol) capillary column, 
with 30 m of length and 0.25 mm interior diameter and 0.25µm film thickness.   
The analysis is conducted in the following conditions:  
- Injector temperature: 250°C 
- Detector temperature: 300°C 
- Oven temperature program: 
 Isotherm at 35°C for 10mn 
 From 35°C à 205°C for 3°C/mn, 
 Isotherm at 205°C for 10mn 
The identification of aroma components is realized referring to pure witnesses’ 
chromatograms. The pikes area and the different components percentages are determined 
due to a HP Chemstation program (Rev.A.0401) that allow to fix analytic parameters 
(flow, temperature, beginning and end of one analyse) (Saidani and Marzouk, 2003). 
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11- IDENTIFICATION BY GC-MS: 
 
a) Mass spectrometry principle: 
The mass spectrometry consists on bombarding the organic molecules separated by GC 
with electron quadrupole beam emitted by heated filament witch translation energy is 
70ev.  
In these conditions, each molecule is ionised and fragmented into many positives ions. The 
ions separation is made related to their weight (in Daltons) or related to their weight/charge 
ratio.    
The relative abundance graphic representation (AR) of these diverse ions in function of the 
weight or the m/z ratio constitutes the mass spectra of the component introduced in the 
ionisation room (figure 1).  
b) Operatory method:  
To identify the different elements of the volatiles component extract, mass spectrometry 
is used coupled to gas chromatography (GC). On first step component are separated with 
GC.  They are directly released from the chromatograph to the ionisation room. 
 
The ionisation products are then accelerated due to a potential difference, and then 
collected. Different peak are registered and provide mass spectra. The value of 100 is 
attributed to the most intensive peak, called base peak.  
Identification analyses are effectuated with mass spectrometer coupled to HP 
chromatography, 5890 series linked to a digital computer. 
The analyse conditions are as follow: 
 Ionisation source temperature: 170°C 
 Emission energy: 70eV 
 Vacuum: 72 millitorr 
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12- STATISTICS TREATMENTS: 
All the analyses are done three times and the statistics comparison of data is realised by 
ANOVA (Variance Analyse) using STATISTICA program.  
RESULTS AND DISCUSSION 
I- CALLOGENESIS ON SOLID MEDIUM FROM CITRUS 
AURANTIUM TISSUE CULTURE 
1- Seed germination 
 
The seeds devoid of seed coat begin to germinate on the second week from sowing. Those 
that have undergoes scarification and tegument suppression germination initiated on the 
third week.  
After three weeks of culture the percentage of seeds germination is 96.66% (figure 1) for 
seeds without coat, with an average of 2.49 shoots per tube. The percentage of germination 
for seeds of  C.aurantium witch undergone a tegument scarification is 100% with an 
average number of shoots per tube of 2.83. For seeds with any treatment the germination 
percentage is 13.33% and the average of shoots per tube is 1.5 per tube. 
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Both scarification and coat removing give high percentage of germination and shoot 
number per tube. Percentage of germination of seeds witch undergo any treatment is very 
low (only 13.33%). Those results confirm that the tegument of Citrus aurantium seeds is 
relatively hard and can generate a dormancy effect. To break dormancy, coat must be 
removed or scarificated. 
In this study, more than one seedling are obtained from each seed; this is due to 
polyembryony a phenomenon that is common in Citrus. 
 
2- Hypocotylary, cotyledonary and root explants culture from germinated 
seeds of C.aurantium 
 
Calluses begin to appear after the third week of culture. They are yellow to white color and 
have friable consistence (figure 2). The highest percentage of callus formation is 100% 
(Table 4), from cotyledonary explants cultured on medium containing 3mg / l 2,4-D and 2 
mg / l kinetin; same result is also observed when 1 mg / l 2,4-D and 2 mg / l kinetin and 10 
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mg / l 2,4-D and 2 mg / l kinetin is used. 
For roots explants the higest percentage of callogenesis (91.67%) is obtained with 1 mg/l 
2,4-D and 1 mg/l kinetin. 
The highest percentage of callogenesis from hypocotylary explants was obtained with 
3mg/l 2,4-D with 2mg/l kinetin as for cotyledonary explants, with 5mg/l 2,4-D. 
On the medium without hormones callogenesis was not observed. Same results are 
obtained on the medium without 2,4-D containing 1 mg/l kinetin. Percentage of 
callogenesis is higher when the concentration of kinetin is equal to 2 mg/l and this for all 
concentration used of 2,4-D. On other hand this concentration reach his maximum when 
concentration of 2,4-d is equal to 3mg/l. 
Calluses given from roots and hypocotyls explants were small and growth slowly but have 
the same color and consistence with those given from cotyledonary explants   
 
Figure 2: callus from cotyledonaries explants  
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Table 4. Effect of hormonal combination on callogenesis of C.aurantium explants. 
 Callogenesis percentage 
Medium  Hypocotyle  Cotyledons  Roots  
M1 0% 0% 0% 
M2 0% 0% 0% 
M3 70% 66.67% 0% 
M4 50% 0% 0% 
M5 25% 83.30% 91.67% 
M6 0% 100% 25% 
M7 25% 58.30% 0% 
M8 50% 80% 83.3% 
M9 100% 100% 83.3% 
M10 100% 66.67% - 
M11 25% 85.71% 46.15% 
M12 50% 75% 33.33% 
M13 0% 72.72% 0% 
M14 10% 66.67% 46.15% 
M15 37.5% 100% 8.33% 
 
 
For other species combination of medium and hormones that gave the highest callus 
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percentage, are described. 
Guzman S. et al. (1998) found that the best hormonal combination to induce callus, from 
seedling explants of Citrus macrophylla W. Rootstock, is a modified MT medium 
supplemented with 6 mg NAA and 0.2 mg kinetin. The same author indicate cotyledon as 
the best explant for callus induction and development (43 mm
2 
after two weeks of culture); 
Root segments were the lowest explants for callus induction. 
Ali S. and Mirza B. (2006) indicate MS medium supplemented with 1.5 mg/l 2,4 D as the 
best medium for callus induction for different types of explants (stem segments, leaves, 
cotyledons and roots) from Citrus jambhiri. For Savita et al. (2012) maximum callus 
induction (91.66 %) from cotyledonary explants of Citrus jambhiri was observed on MS 
medium supplemented with 2,4-D (2 mg/L) in combination with malt extract (500 mg/L). 
Rastgoo et al (2009) found that the best hormonal combination with NAA and BA to 
induce callus from cotyledonary explants of Citrus grandis is 5 mg/l NAA with 0.5 mg/l 
BA. From that results, appears that genetic differences have a key roule in the interaction 
between species and hormones for callus production, and Citrus aurantium appears closer, 
for this aspect, to Citrus jambhiri than to Citrus macrophylla W. Rootstock or Citrus 
grandis. 
 
Starting from our results, cotyledonary explants were chosen for the following experiences. 
The hormonal combination chosen was 10 mg/l 2,4-D and 2mg/l kinetin due to the fact that 
it induce the highest percentage of callogenesis from cotyledonary explants but also 
calluses that grown faster. 
 
3- C. aurantium meristem culture 
 
After 4 weeks of meristem cultures, callus began to appear on all different hormonal 
combinations studied. The highest percentage of callus formation (100%) is observed in 
the MS medium supplemented with 10 mg/l 2-4D, 2 mg / l Kin and 30 g / L sucrose, under 
a photoperiod of 16-h as shown in Table 2. The callus formed is creamy white and begins 
to be seen within the first week of culture. An high percentage (87.5%) of callus formation 
was observed also on the MS medium supplemented with 0.2 mg / l 2-4D, 2 mg / l Kin and 
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30 g / L sucrose with a photo period of 16-h as shown in Table 5. The calluses begin to 
appear within the first week of culture, the calluses are transparent white and creamy 
(figure 3). They grow faster than the callus formed on the medium M15. Increasing the 
concentration of auxin (2-4D) seems to be the cause of the increase in the percentage of 
callus formation. It seems, however, inhibit the growth rate of callus. 
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Table 5. Hormonal combination effect on callogenesis from meristem culture of 
C.aurantium 





G(10mg/l 6 BA); F(0,2mg/l 2-4D;2mg/l Kin); B(4mg/l 6BA;0,2mg/l NAA);  M15(10mg/l 2-4D; 2mg/l Kin)  
 




Meristem culture provides an important means for virus elimination (Chaturvedi and 
Sharma, 1987) and (Amravali Road and Shankar Nagar,2002).  
 
 
Figure 3:Callogenesis induction from  
C.aurantium meristem culture 
Callus from 
meristem culture  
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4- Culture of leaf explants 
 
The callus derived from leaf explants reach their maximum growth at the fourth week of 
culture (figure 4). Table 6 shows that all the hormonal combinations used result in the 
formation of callus from leaf explants. The culture medium that induced the highest 
percentage of callus formation is medium B with 4 mg/ l 6BA and 0.2 mg/ l NAA. 
However, the percentage of callus does not exceed 55.6%.  
Savita et al. (2010) reported that maximum callus induction (98.66%) was observed from 
seedling leaf segments of Citrus jambhiri on MS medium supplemented with 2, 4-D (4 
mg/l). Therefore callus were brown and became necrotic after 2-3 subcultures. Huang Tao 
et al. (2001) described that calluses were generated only from seedling leaf of Citrus 
grandis and not from mature one. The highest percentage of callogenesis (96.5%) was 
observed with 9.1 µmol/l (1.989 mg/l) of 2,4-D. 
In this work leaf explants are taken from Citrus aurantium trees and not from seedling leaf, 
this explains the low percentage of callogenesis. Further experiences using seedling leaf 
explants can show if seedling leaf explants of Citrus aurantium could give higher 
percentage of callogenesis. 
 
Table 6. Hormonal combination effect on callogenesis from leaf culture of  
C.aurantium. 
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5- C. aurantium  ovules culture: 
 
The ovules and nucellar explants of C. aurantium begin to form callus on media F and G 
after two weeks of culture, on the medium M15 at the 3
rd
 week and on medium B the 
fourth week. The hormonal combination that induces the highest percentage of 
callogenesis (100%) is the medium F (0.2 mg / l 2,4D,  2 mg / l Kin), followed by medium 
M15 (87.3%) (Table7). The calluses formed are creamy and white (figure 5).  
Mediums with BA didn’t induce high percentage of callogenesis, even if the work of 
Pasquali and Biricolti  (2004) shown that calluses was obtained on MT containing 5mg/l 
BAP from ovules with nucelli of Citrus limonimedica. In the work of Kobayashi et al. 
(1984) is showed that calluses were obtained from nucellar tissue of Citrus sinensis Obs 
with 10mg/f of BA on MT medium. 
 
Table 7. Hormonal combination effect on callogenesis from ovules culture of  
C.aurantium. 










induction from fragments leaf 
culture of  C.aurantium 
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The highest percentage of callus formation (100%) is observed for cotyledons and is 
obtained with 3mg / l 2,4-D and 2 mg / l kinetin. 
For roots explants percentage of callogenesis didn’t exceed 91.67% and was obtained with 
1mg/l 2,4-D and 1mg/l kinetin. 
The highest percentage of callogenesis from hypocotylary explants was obtained with 
3mg/l 2,4-D with 2mg/l kinetin like for cotyledonary explants or only with 5mg/l 2,4-D. 
The highest percentage (100%) of callus  from meristem culture of C.aurantium was 
obtained with  MS medium supplemented with 10 mg / l 2-4D, 2 mg / l Kin. 
The medium that induct the highest percentage (100%) of callogenesis from ovules  culture 
of  C.aurantium is F medium with (0.2 mg / l 2-4D, 2 mg / l Kin), followed by M15 
medium (87.3%). 
The medium that induct the highest percentage of callogenesis from leaf explants of C. 
aurantium is  B medium with 4 mg / l 6BA and  0,2 mg / l NAA. However the callogenesis 
percentage didn’t go over  55.6%.  
From those results the explants that were chosen for following experiences are ovules and 
cotyledonary explants and the hormonal combinations is 0.2 or 2mg/l 2,4-D with 2 mg/l 
kinetin. 
Figure 5: Callogenesis 
induction from ovules culture 
of  C. aurantium 
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II- CELL SUSPENSION CULTURE 
Calluses, obtained from ovules and cotyledonary explants cultured on MS medium 
supplemented with 0.2 or 2mg/l 2,4-D and 2 mg/l kinetin, aged 45 days are transferred 









 NAA These calluses dissociate easily after a week in liquid culture 
agitated at 125 rpm. 
The cultures consist of a suspension of small cell clusters and single cells. The microscopic 
observations show a wide variation in the size and type of cells before filtration.  
The cell fraction collected between 100 and 200 µm (called >100 µm, below) consists of 
"large cell" isolated and relatively homogeneous, while the fraction less than 100 µm is 
also homogeneous, but especially consists of small round cells and debris. Cell division of 
the fraction > 100 microns begins about 48 h after inoculation. The suspensions are rapidly 
becoming more or less thick and mucilaginous. 
The callus from Citrus aurantium explant cultured in liquid MS medium supplemented 
with 2-4 D and Kinetin give a suspension of dispersed cells, while the callus transferred to 




 NAA give a suspension of 
small aggregates cell. In liquid medium containing NAA another kind of callus aggregate 
are formed which is friable with large diameter (3-15 mm) and have irregular shape.  
Jian Zhao et al. (2000) called this aggregates cell Compact Callus Cluster (CCC). Another 
kind of callus aggregate was described by Jian Zhao et al (2000), which is friable and 
composed of half-closed hollow callus. This kind of callus was not observed in this 
research.  
According to Jian Zhao et al (2000), hormonal combinations affect the CCC development. 
A high concentration of cytokine seems to be essential for induction and maintenance of 
CCC. Whereas 2,4 D seems to have destruction effect on CCC. 
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Measurement of fresh and dry weight   
Fresh weight to dried weight ratio (gram per gram) of the callus varied from 13 to 19, 
which is lower than of the dispersed cell cultures. The growth rate of callus aggregate was 
lower than the dispersed cell cultures and their biomass were higher than the dispersed cell 
cultures (table 8). 
This ratio represents the degree of compaction of the callus structure 
 
Table8: Effect of hormonal combination on diameter and fresh to dryed weight ratio 
of callus aggregates in liquid medium  
Origin 
medium  




Ratio of fresh 
to dryed 
weight  
F2 Cotyledons  M1  1.5±0.30 23±1.3 
F2 Cotyledons  M2 6.1±0.10 19±1.4 
F1 Ovules   M1 0.5±0.32 24±2.0 
F1 Ovules  M2 4.0±0.15 13±1.9 
F2 Ovules  M1 0.6±0.12 24±1.5 
F2 Ovules  M2 5.7±0.11 15±2.1 
 
According to Jian Zhao et al. (2000) higher degree of compaction of suspension cultures 
seemed to be in correlation with higher production of alkaloids.  
Further experiences should be conduct to study the effect of degree of compaction on 
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III- ESSENTIAL OIL AND FATTY ACID COMPOSITION OF 
CALLUS PRODUCT ON SOLID AND LIQUID MEDIUM 
Analyses of essential oil composition show that no essential oil is product by calluses 
issued neither from cotyledonary nor from ovules explants. The analysis of volatile 
compounds of bitter orange juice and other genus of Citrus (Saidani and Marzouk, 2002) 
showed that Citrus aurantium is the genus form which the percentage of limonene and 
terpinene is the higher (nearly 90% for limonene and 0.8% for α-terpinene). It show also 
that bitter orange juice contains methanol (0.28%), isopropanol (0.8%), α-pinene (1.5%), 
3-heptaptone (1.2%), ocimene (0.47%),  linalool (1.46%), α-terpeniol (1.06%), β-ionone 
(0.05%), β-pimene (0.16%), terpene-4-ol (0.28%) and p-cymene (0.76%). None of this 
compound is detected in the ovules or cotyledons calluses. However, Niedz and al. 1997, 
found that embryogenic callus from protoplast of C. cinensis produced aromatic 
compounds and that non embryogenic one didn’t produce. The culture age and the fact that 
cultures are stabilized may have an important role. In fact in this experience the cultures 
used for analysis have only 8 months. Therefore cell lines used by Niedz et al. (1997) are 
maintained for 6 years.  
J.A. del Rio et al. (1992) found that calluses of 8 months, derived from immature fruit of 
Citrus aurantium cultured on MT (Murashige and Tucker, 1969) supplemented with 1.29 
mg/l kinetin and 0.663 mg/l 2,4 D and milk coconut, produced narangin and neohesperidin 
wich are flavonoids constitutes. In fact, in the whole plant, some flavonoids like narangin 
are synthesized by juveniles cells.  
Analysis of fatty acid show that there are 14 fatty acids in calluses issued from 
cotyledonary explants and 27 from calluses product from ovules explants. 
The fatty acid product by both types of cultures are: caprilyc acid (C8:0), lauric acid 
(C12:0), myristic acid (C14:0), pentadecylic acid (C15:0), palmitic acid (C16:0), stearic 
acid (C18:0), (C18:ln7), (C18:ln9), (C18:2), (C18:3n3), arachidic acid (C20:0), (C20:1) 
and benic acid (C22:0). 
Fatty acids are produced only by calluses issued from ovules explants are: capric acid 
(C10:0), margaric acid (C17:0), (C18:3n6) and more eight unknown components. 
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Saidani (2005) found fatty acid in bigarade juice: caprilyc acid (C8:0), capric acid (C10:0),  
lauric acid (C12:0), tridecylic acid (C13:0), myristic acid (C14:0), (C14:1), pentadecylic 
acid (C15:0), palmitic acid (C16:0), (C16:1), stearic acid (C18:0), (C18:0), (C18:2), 
(C18:3δ), (C18:3), arachidic acid (C20:0), (C20:1) and benic acid (C22:0).  
It seems that fatty acids produced by calluses issued from ovules cultures are those that are 
closest to those produced in the bitter orange fruit. However our experience shows that 
callus derived from ovules culture produced margaric acid (C17:0) that isn’t produced in 
Citrus aurantium fruit and, in other hand, tridecylic acid isn’t produced in callus but 
produced in fruit. This suggests that the metabolic requirements for production of this acid 
followed by its elongation is not preserved in the cell culture line. This suggests also that 
the hydroxylase and elongase genes/enzymes responsible for this fatty acid modification 
pathway are inactive in cell culture.  
 
 




Figure7: fatty acids from calluses issued from ovules explants 
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Induction of callogenesis was obtained from different explants and hormonal 
combination showing the adaptability of the Citrus aurantium to in vitro culture; the 
highest percentage of callus formation (100%) observed for cotyledonary was obtained 
with 3mg / l 2,4-D and 2 mg / l kinetin. 
For roots explants percentage of callogenesis didn’t exceed 91.67% and was obtained 
with 1mg/l 2,4-D and 1mg/l kinetin. 
The highest percentage of callogenesis from hypocotylary explants was obtained with 3 
mg/l 2,4-D with 2mg/l kinetin as seen for cotyledonary explants, the same results was 
observed with 5mg/l 2,4-D. 
The highest percentage (100%) of callus from meristem culture of C.aurantium was 
obtained with MS medium supplemented with 10 mg / l 2,4D, 2 mg / l Kin. 
The medium that induct the highest percentage (100%) of callogenesis from ovules culture 
of C.aurantium is F medium with (0.2 mg / l 2,4D, 2 mg / l Kin), followed by M15 
medium (87.3%). 
The medium that induct the highest percentage of callogenesis from leaf explants of 
C.aurantium is  B medium with 4 mg / l 6BA and  0,2 mg / l NAA. Howether the 
callogenesis percentage didn’t ecxeed  55.6%.  
Previous studies were conducted on inducing calluses from nucellar or ovules explants of 
Citrus aurantium for salt tolerance study (Koshba et al, 1982) or for somatic 
embryogenesis (Koshba et al, 1982). Callus was induced from Citrus aurantium embryos 
(Beloualy N, 1991) and shoot (Bordon Y et al, 2000) for multiplication throw adventious 
shoots.  
There is no works recorded on inducing calluses from leaf, cotyledonary or meristem 
explants of Citrus aurantium, unlike the current work. Some hormonal combinations are 
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For the liquid medium culture part, callus from Citrus aurantium explant cultured on MS 
medium (Murshige and Skoog, 1962) supplemented with 0.2 or 2 mg / l 2-4D and 2 mg / l 
kinetin, transferred to liquid MS medium supplemented with 2-4 D and Kinetin give a 
suspension of dispersed cells. The callus derived from Citrus aurantium explants cultured 
on MS medium (Murshige and Skoog, 1962) supplemented with 0.2 or 2 mg / l 2-4D and 2 
mg / l kinetin and transferred to liquid MS medium supplemented with 4 mg.l-1 6BA, 0.2 
mg.l-1 NAA give a suspension of small aggregates cell.  
In liquid medium, containing NAA, another kind of callus aggregate was formed: friable, 
with large diameter (3-15 mm) and an irregular shape.  
Transfer of calluses in liquid medium show that cytokinins at high concentrations are 
essential for initiation and maintenance of callus aggregate. 
The growth rate of callus aggregate was lower than the dispersed cell cultures and their 
biomass were higher than the dispersed cell cultures. 
Analyses of essential oil composition revealed that neither callus from cotyledonary nor 
from ovules explants product volatiles components. 
Similar works are conducted for bio production of volatiles compounds from callus ovules 
of Citrus sinensis but only on solid medium. 
For Citrus aurantium there is no work recorded related to the characterization and 
production of volatiles compounds from callus or cell suspension. 
However flavonoids (neohesperidin and narangin) were produced in Citrus aurantium 
callus culture (del Rio and al, 1992) but from immature fruits as explants and only on solid 
medium. 
Further experiments should be conducted to elucidated factors involved in the volatiles and 
aromatic compounds production, including the age of callus cultures, hormonal 
combinations and medium composition. 
From analysis of fatty acids it is evident that those produced by calluses issued from ovules 
cultures are those that are closest to those formed in the bitter orange fruit. However 
experience shows that callus derived from ovules culture produced margaric acid (C17:0) 
that isn’t produced in Citrus aurantium fruit. At the same moment, tridecylic acid isn’t 
produced in callus but produced in fruit. This suggests that the metabolic requirements for 
production of this acid followed by its elongation is not preserved in the cell culture line. 
61 
 
Dorsaf  Kriaa 
Secondary Metabolites Production from Liquid Tissue Culture of Citrus aurantium 
Tesi di dottorato di ricerca in: Produttività delle piante coltivate, Università degli Studi di 
Sassari 
This suggests also that the hydroxylase and elongase genes/enzymes responsible for this 
fatty acid modification pathway are inactive in cell culture.  
Plants, unlike animal, are rich in unsaturated fatty acids and there is evidence that some of 
these have potential applications in the food, pharmaceutical, paint, detergent and plastic 
industries (Harborne, 1998; Somerville et al., 2000). The polyunsaturated fatty acids, in 
particular, are clinically useful in human disorders (Harbige, 2003; Clore et al., 2004; 
Astorg, 2004) and are recognized as essential nutrients in the human diet (Collett et al., 
2001; Kelly et al., 2003). Polyunsaturated fatty acids have been recommended as a 
therapeutic measure in preventive medicine (Wang et al., 2004; Diniz et al., 2004). 
Bio production by cell and tissue culture of Citrus aurantium may be an alternative of 
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